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PREFACE 


This  investigation  was  authorized  in  the  1st  indorsement  to  a 
memorandum  from  the  Waterways  Experiment  Station  to  the  President,  Mis¬ 
sissippi  River  Commission,  dated  12  May  19^7,  subject,  "‘■'oeciai  Projects 
for  Fiscal  Year  1948.” 

Personnel  of  the  Embankment  and  Foundation  Branch  of  the  Soils 
Division,  Waterways  Experiment  Station,  conducted  the-  study.  Engineers 
connected  with  the  study  were  Messrs.  V.  J.  Turnbull ,  S.  J.  Johnson, 

A.  A.  Maxwell,  T.  B.  C-oede,  and  W.  M.  Mullinniz.  This  report  was  pre¬ 
pared  by  Mr.  Mullinnix. 
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1.  Various  tests  are  performed  on  soil  samples  during  an  investiga¬ 
tion  for  an  engineering  project.  For  some  tests  the  type  of  sample  is 

of  little  importance,  but  for  tests  to  determine  strength  and  consolida¬ 
tion  characteristics  of  the  soil,  factors  upon  vhich  the  design  of  a 
structure  nay  be  based,  it  is  very  important  to  have  samples  as  nearly 
like  the  material  in  situ  as  possible.  Some  disturbance  to  the  sample 
is  inevitable  during  the  sampling  process,  the  degree  of  dxsturbenee 
depending  upon  the  type  of  material,  the  equipment,  and  tie  method  used 
in  obtaining  the  sample. 

2.  The  purpose  of  the  investigation  reported  herein  vas  to  de¬ 
termine  the  field  performance  of  several  types  of  undisturbed  sampling 
devices  in  sampling  a  typical  clay  encountered  in  the  alluvial  valley  of 
the  lover  Mississippi  River ,  aid  to  evaluate  their  performance  by  means 
of  laboratory  tests  made  to  determine  the  type  end  degree  of  sample  dis¬ 
turbance  caused  by  the  various  sampling  procedures. _  The  investigation 
made  to  accomplish  this  purpose  consisted  of  the  following: 

a.  Field  boring  program  to  obtain  samples  of  a  fairly 
homogeneous  material  using  different  types  of  ss^l ing 
devices. 

b.  Laboratory  testis  program  to  determine  the  sample  dis¬ 
turbance  caused  by  the  various  sampling  devices. 

c.  An  analysis  of  the  test  data  to  determine,  if  possible . 
the  degree  and  type  of  disturbance  caused  by  the  samplers. 


Tyres  ana  Causes  of  Saaole  Disturbance 

3.  Sample  disturbance  has  seen  discussed  at  length  by  Evorsiev^ 
and  others  and  vili  not  be  covered  in  detail  in  this  report.  According 
to  Evorslev,  seapie  disturbance  can  be  divided  into  the  following  basic 

%V^QS l 

a.  Changes  in  stress  conditions. 

b.  Changes  in  voter  consent  or  void  ratio, 

c.  Disturbance  of  the  soil  structure, 

d.  Changes  in  thickness  of  the  soil  layers, 

o.  Mixing  of  the  soil  layers. 

These  tyces  of  disturbance  are  listed  oppr  oxime tely  in  decreasing  order 
of  their  occurrence. 

In  t re  best  undisturbed  series  obtained,  sables  carefully  cut 
by  hand  fro  test  pits,  sore  disturbance  to  the  m  ural  structure  is  in* 
evitable,  cue  solely  to  the  change  in  stress  condition  caused  by  removal 
of  the  overlying  and  surrounding  soil.  The  type  and  degree  of  additional 
disturbance  in  samples  obtained  fro©  borings  will  very  with  the  type  of 
saaoling  ccuipcent,  the  methods  used  is  stapling,  the  type  of  material 
being  sampled .  end  the  cere  with  which  the  cannier  are  handled  after  they 
are  obtained. 

5-  In  this  investigation  the  depths  to  which  it  was  desired  to  ob¬ 
tain  soil  s amides  were  too  great  to  permit  obtaining  "'control'’  sonnies  by 
menus  of  test  cits  duo  to  the  excessive  cost  which  would  be  involved. 
Therefore,  saaple  iisturbamce  was  evalur. ted  or.  @  comparative  basis  between 
the  various  enri:  t  methods  used  by  means  cf  examinations  and  laboratory 
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Piston- tyre  Sasoler  15-in.  Disaster,5 


A  schematic  drawing  of  the  piston- type  sanpler  is  shown  by  fig¬ 
ure  2.  The  principal  feature  of  this  type  of  sailer  is  a  piston  that 


worts  inside  tr 


fy. 


ler  tube.  The  rdston  is  control!: 


a  oiston  rc 


ixtendiriR  uo  through  the  drill  red. 
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At  the  start  of  the  sanpl ing  opera¬ 
tion  the  piston  is  set  flush  ”;.th 
the  bottoa  of  the  soapier  and  the 
osspler  love rod  into  the  coring. 
When  the  sarplxcg  tube  touches  the 
cot too  of  the  boring,  the  pistes  r® 
is  fastened  securely  so  that  the 
piste®  will  ressia  stationary  durin 
the  saltier  drive.  The  ssisling 
tube  is  then  driven  Into  the  soil 
at  a  steady  rate  of  approx irately 
1/2  ft  per  sec.  In  the  tests  re¬ 
ported  herein  in  which  the  5“in- 
dianster  piston-type  farrier  was 
used,  the  length  of  -drive  was  about  p  ft.  sm  it  was  necessary  to  drive 
the  sampler  by  seans  of  a  cable  dr-ow.icvr.  errs ngeue nt  as  the  leisrth  of 
drive  of  the  hydraulic  ran  was  only  Jo  In.  After  the  sailing  tube  ms 
tear,  driven  into  the  soil,  the  piston  is  released  and  the  downward  novo- 

nf  ^  f  *'  ^  •*  f|p  02*  23  f|fy* 


evidently  roore  recent  ns  turn  l  icvee  aecosits.  A  sc-ccni  group  of  borings 
was  Is  ter  nsde  at  a  site  about  cue  aile  Iron  the  first  site.  Unite  i 
laboratory  tests  ve  re  cerferaed  oi.  the  sables  attained  frea  these  b  or  inns 
but  the  results  vere  essentially  the  sase  as  hereafter  discussed  for  *M 
first  group  sM  are  not  included  in  this  report. 

Description,  of  yield  Operations 

lj.  hour  borings  vere  cade  as  shovn  cs  figure  1.  of  the 


used.  Also  Shown  on  the  figure  are  pertinent  dimensions  of  the  samplers 
and  the  approximate  lengths  of  drive. 
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PART  IV:  LABQFATOKY  INVESTIGATION 

Detection  of  Disturbance 

14.  The  various  tests  used  to  detect  sample  disturbance  ere  dis¬ 
cussed  in  the  following  pare graphs. 

Visual  determination 

if).  Distortion  or  nixing  of  soil  layers  can  sometimes  be  observed 
by  slicing  a  sample,  providing  the  sanple  has  e  definite  structural  pat¬ 
tern  such  as  parallel  straea  of  varying  types  or  characteristics.  If  the 
stratifications  are  not  discernible  when  the  sanple  is  freshly  sliced, 
their  visibility  nay  be  increased  by  allowing  the  sanple  to  oir  dry.^ 

Ihe  coerser  soil  layers  will  dry  faster  and  as  the  water  content  of  these 
layers  approaches  the  shrinkage  limit  the  color  contrast  will  reach  a 
maximum.  At  this  point  any  distorted  or  disturbed  sections  may  generally 
be  observed  and  a  permanent  record  obtained  by  photographing. 


C ons ol idation  tes t 


17.  It  has  teen  found  that  sample 
disturbance  or  remolding  tends  to  leader  the 
void  ratio-pressure  curve  and  the  precon¬ 
solidation  pressure  as  determined  from  the 
consolidation  test. 3  In  the  case  of  com¬ 
plete  remolding,  the  void  ratio-pressure 
curve  is  so  rounded  that  it  is  difficult 
to  determine  the  previous  stress  history  of 
the  sample  with  any  degree  of  accuracy. 

Figure  5  shows  the  typical  effect  of  re¬ 
molding  a  clay  soil. 

Classification  tests 

18.  Mechanical  analyses,  water  contents,  and  Atterberg  limits  tests 
were  performed  on  samples  selected  for  detailed  testing  end  on  other  sam¬ 
ples  for  the  purpose  of  comparing  sample  characteristics.  A  summary  of 
classification  date  is  included  in  table  1.  A  log  of  borings  shearing 

the  classifications  and  water  contents  of  the  materials  is  given  on 
figure  k. 

Location  of  Disturbance  in  Long  Samples 

19-  In  this  phase  of  the  laboratory  program  tests  were  performed 
on  soils  obtained  in  one  continuous  drive  of  the  sampler  to  determine 
the  omount  ami  location  of  the  disturbance  v^ich  might  occur  In  e  sample 
approximately  5  ft  in  length.  It  was  believed  that  must  of  the  iist;;rb- 
ance,  if  present,  would  occur  near  the  top  and  bottom  cf  a  long  sample 


Fig.  5-  Typical  effect 
of  remol  .ng  on  strength 
and  consolidation  charac¬ 
teristics  of  a  sensitive 
clay  soil 


and  that  the  material  in  the  center  would  be  less  disturbed. 

Initial  tests 

20.  Samples  36,  37,  3-6,  39,  and  40  of  boring  IQ-2  were  selected  for 
the  initial  tests.  These  samples  were  all  obtained  in  one  5' ft  drive 
using  a  5" in- “diameter  piston-type  sampler  with  1-f t  sectional  liners. 

A  cutting  shoe  with  at  inside  diameter  of  4.74  in.,  and  providing  an  in¬ 
side  clearance  of  1.05  per  cent,  was  used. 

21.  Sliced  specimens.  Horizontal  slices  3/4  is.  thick  were  taken 
from  the  top  and  bottom  of  the  samples  and  vertical  slices  3/4  in.  thick 
and  h  to  11  in.  long  were  taken  from  the  center  of  the-  samples.  These 
slices  were  permitted  to  air  dry  in  an  attempt  to  bring  out  any  visible 
evidence  of  disturbance  or  distortion  of  the  soil  due  to  sampling.  Photo¬ 
graphs  of  the-  slices  (fig.  6)  show  that  the  soil  has  a  mottled  or  marbled 
appearance  with  no  definite  structural  pattern;  this ,  no  visible  signs  of 
disturbance  could  be  noted.  The  cracks  visible  in  the  samples  were  due 

to  shrinkage  that  occurred  as  the-  ssmolos  dried  out  and  were  not  present 
in  the  samples  when  freshly  sliced. 

2-?.  Unconfined  compression  tests.  Une-onfinsd  compression  tests 
vero  performed  in  duplicate  on  the  top,  middle,  and  bottom  portions  of 
samples  jo,  V?.-  35,  and  40.  Test  results  arc  shown  in  table  2  and  on 
figures  7,  8,  9,  end  10.  Inspection  of  the  data  shows  that  the  strengths 
of  samples  from  the  same  elevation  within  the  specimen  are  not  in  very 
good  agreement.  ‘Dies*  differences,  in  part,  may  be  attributed  to  varia¬ 
tions  in  water  content  and  density  and  to  minor  changes  in  composition 
of  the  soil.  It  will  be  noted  or*  the  figures  that  all  of  the  stress- 
strei'-  cun  f  Oii  ojjccp c  ^ sompXu  K0)  s hov  s  V6XX*do^ moo  ncsk  usueXXj 
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Pig.  11.  Variation  la  sater  con¬ 
test,  ccsprcoei^o  strength 

and  codulus  of  d&fcmsitios 
boring  03-2.  saapl ss  j[o-%€* 


c  per  ocst  less.  she  variation-  In 
c5ffiro3sl»  strength  aie  arorap 
voter  content  throughout  the-  length 
of  drive  are  shorn  on  figure  11.  The 
street  b  »ai-jo  recur.:  at  the 
garde  of  the  drive.  Belov  thle 


3? 


the  second 


vero 


apparent,  no  variation  at  strength  with  respect  to  the  location  of 
the  test  specimen,  vithin  the  sonpier  was  apparent.  Figures  14  and  Ip 

show  the  variation  in  water  eon- 
tent  end  strength  values  through¬ 
out  each  drive.  Frau  figure  14 
it  can  be  seen  that  the  average 
water  content  and  strength  values 
varied  considerably.  There-  is 
a  trend  for  tbs  strength  values 
to  vary  inversely  with  the  water 
content  but  there-  is  no  other 
consistent  trend  evident  that 

Fig.  15.  variation  of  water  content,  can  be  attributed  to  sanpler 
r.axinnr  stress  am  modulus  of  dc-forua- 

tion,  boring  23*3?  sauries  3c -42  disturbance.  A  sonevbet  better 

idee  of  Use  very  rapid  changes  in  uet-er  content  and  density  can  fee  obtain¬ 
ed  from  a  study  of  table  3;  this  table  reveals  chat  the  adjacent  senples 
differed  in  water  content  fey  as  nuoh  as  17  per  cent  in  one  instance.  The 
sas^les  free  fearing  D3'3 ,  shown  by  figure  15,  shew  e  fairly  unlfom  over¬ 
age  water  content  throughout  the  length  of  drive,  however,  there  Is  c  on¬ 


iric  tier.  is  the  strength  values,  vil 


ig  near  the  top  aid  feottoe  cf  the 


ae  water  content  and 


'V  ) 
t-t » 


curves,  it  woe  difficult  to  dotormino  the 
proconcolidotion  pressure  with  occurocy. 

Tho  somploc  obtoined  with  the  vacuum  eam- 
pler  show,  in  general,  a  lower  proconsoli¬ 
dation  pressure  than  the  samples  obtained 
with  the  piston  sauplors.  This  trend  is 
particularly  evident  in  the  upper  portion 
of  the  borings  throughout  the  depths  in¬ 
vestigated  and  could  possibly  indicate  that 
more  disturbance  was  caused  by  the  vacuum 
sampler. 

29.  The  5“ir*  piston  sampler  has  a 
cutting  shoe  which  provided  an  inside  clear¬ 
ance  of  2.67  per  cent,  whereas  the  vacuum 
samples  were  obtained  with  cutting  shoes  providing  inside  clearances 
ranging  from  0.64  per  cent  to  2.77  per  cent  (see  table  4).  The  5"in. 
piston  sampler  with  liners  had  cutting  shoes  providing  inside  clearances 
of  1.48,  1.91>  and  2.67  per  cent.  The  samples  obtained  with  the  1.91  and 
2.67  per  cent  inside  clearances  showed  higher  values  for  the  preconsoii- 
dotion  pressures.  These  data  tend  to  indice te  that  the  higher  percentage 
of  insido  clearance  causes  less  sample  disturbance  in  tho  typo  of  soil 
encounterod  in  this  investigation. 

Analysis  of  Data 

30.  Data  obtained  from  tho  preceding  tests  were  generally  incon¬ 
clusive  and  it  is  beliovod  that  natural  variations  in  the  soil  were 
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Fig.  16.  Comparison  of 
present  overburden  pressure 
and  preconsolidation 
pressures 


responsible  for  most  of  the  inconsistent  test  results.  Consideration  ves 
also  given  to  the  fact  that  perhaps  the  type  of  soil  used  in  this  inves¬ 
tigation  was  of  a  low  sensitivity  and  any  disturbance  might  not  be  ap¬ 
parent  in  the  test  results,  for  this  reason,  additional  tests  were 
performed  to  determine  the  variation  in  the  moisture  content  and  density 
and  to  determine  the  degree  of  sensitivity. 


Moisture  content  and  density 

31.  Samples  35  and  37  from  bor¬ 
ing  D3‘3  wore  selected  for  detailed 
moisture-content  determinations.  To 
obtain  a  complete  horizontal  and  verti¬ 
cal  pattern  of  the  moisture  content, 
the  samples  were  sliced  into  12  hori¬ 
zontal  sections  1  in.  thick,  and  five 
moisture-content  determinations  were 
made  from  each  section.  The*  results 
are  shown  on  figure  1?  which  demon¬ 
strates  that  considerable  variation 
occurred  in  both  horizontal  and  verti¬ 
cal  directions,  with  as  much  as  ip  per 
cent  variation  on  the-  st  .e  horizontal 


Fig.  17.  Variation  of 
moisture  within  samples 


plane  within  a  5_ in . - diameter  sample-  Since  the  samples  were  almost 
completely  saturated,  variation  in  water  content  indicates  a  correspon¬ 
ding  variation  in  density.  Such  variations  could  account  for  c  large 
part  and  perhaps  ell  of  the  variations  in  strength  noted  previously. 


Sensitivity  of  clay 

3-2.  Terzaghi  end  Feck^  state  that,  "The  term  sensitivity  indicates 
the  effect  of  remolding  on  the  consistency  of  a  clay,  regardless  of  the 
physical  nature  of  the  causes  of  the  change.  The  degree  of  sensitivity 
is  different  for  different  clays,  and  it  may  also  be  different  for  the 
seme  clay  at  different  water  contents."  They  also  express  the  degree  of 
sensitivity,  S^,  of  a  clay  as,  "The  ratio  between  the  unccafincd  compres¬ 
sive  strength  of  an  undisturbed  specimen  and  the  strength  of  the  same 
specimen  at  the  same  water  content  but  in  a  remolded  state.  The  values 
of  St  for  most  clays  range  between  2  and  about  4.  For  sensitive  clays 
they  may  range  from  k  to  8."  To  determine  the  degree  of  sensitivity  of 
the  clays  studied  in  this  investigation,  unconfined  compression  tests 
were  performed  on  samples  selected  from  approximately  the  same  elevation. 
The  samples  tested  were  sample  16  from  boring  D3“l,  sample  32  from  boring 
D3-2,  and  sample  32  from  boring  D3'3*  The  samples  were  obtained  with  the 
vacuum  sampler,  the  5- in.  piston  sampler,  and  the  5~in.  piston  sampler 
with  sectional  liners,  respectively. 

33-  The  samples  were  sliced  horizontally  into  four  sections  and 
the  two  upper  sections  were  used  for  unconfined  compression  tests.  Three 
1-in.  undisturbed  specimens  were  obtained  from  each  of  the  two  sections 
ana  the  remaining  material  was  remolded  to  as  nearly  the  same  water  con¬ 
tent  as  practicable.  Two  remolded  specimens  were  obtained  fror  each  sec¬ 
tion.  The  results  of  tests  on  undisturbed  and  remolded  specimens  are 
summarized  in  table  5*  Typical  stress- strain  curves  are  shown  by  figure 
ic.  The  compressive  strengths  of  the  remolded  specimens  were  equal  to  or 
greater  then  the  strength  values  of  the  undisturbed  specimens  in  the 


jo.vlly  of'  cases.  Thus  it  is  apparent 


chat  v.-ie  change  in.  structure  induced  by 
remolding  the  ■  11  die  not  decrease  its 
coapressive  strength.  In  el!  coses  the 
refolded  specimens  shoved  a  u ' gher  per 


cent  strain  at  the  coint  of  ceximua 


stress,  which  indicates  that  the  c  \ange 
in  structure  de-*  to  refolding  cakt.,  the 


ceteris!  lecoce  niore  plastic.  Hie 


degree  of  sensitivity  ranged  in  value 
fros  0.60  to  1.12,  with  an  average 
value  of  0.85,  indicating  that  the 
strength  of  the  material  is  not  sens!- 
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Fig.  3.3.  Uhccnf ined  compres¬ 
sion  test,  boring  B3-2, 
sample  32,  section  B 


tire  to  remolding  and  that  any  partial  sample  disturbance  due  to  sampling 
probably  voula  not  be  evident  in  the  results  of  laboratory  strength  test  -• . 


■>  v  (l/l  ,/llu  It  (•;!'///  i',- 


sore  advanced  type  of  sampler,  which  is  the  piston  saspie-r.  gives  tet¬ 
ter  results  where  information  on  the  consolidation  characteristics  of  a 
soil  is  desired. 

36.  The lech  of  sensitivity  of  this  cley  is  due  apparently  to  the 
manner  is  which  the  deposit  is  formed.  Judging  from  the  known  geological 
-  the  area,  and  the  appe  ranee  of  the  smples,  it  is  likely 
that  t  •  ;  materials  were-  deposited  each  year  by  an  overflow  of  the  river 
and  that  the-  material  so  deposited  dried  out  and.  cracked  during  the  low* 
vr* ter  season.  This  type  of  formation  would  explain  satisfactorily  the 
result?  of  the  consolidation  tests  reported  herein  where  the  indicated 
preconsolidsti.cn  leads  are  consistently  greeter  than  the  overburden  pres¬ 
sure. 

37-  Where  the  soil  ft-.-?  been  deposited  under  water  and  generally 
resained  under  water,  as  in  abandoned  channel  fillings,  the  above  type 
of  structure  does  not  develop  and  it  is  know*:  that  the  material  does 
exhibit  narked  sensitivity  and  that  the  precorisolidcti.cn  load  fro®  the 
laboratory  tests  is  about  the  sene  order  of  magnitude  or  loss  than  the 
overburden  pressure. 

38.  The  preceding  considerations  relative  to  the  formation.  and 
properties  of  these  two  types  of  materials  suggest  that  field  explora¬ 
tion  programs  should  be  conducted  in  such  a  way  that  the  properties  of 
the  soils  being  sampled  are  recognised  and  taken  into  account.  Thus,  if 
the  soil  being  sampled  is  of  a  mottled  appearance  and  is  located  in  a 
backsvenp  region,  Judgment  sod  possibly  a  few  tests  sight  be  sufficient 
to  cat ermine  that,  if  the  primary  purpose  of  singling  is  to  furnish 
strength  data,  only  average  care  in  sampling  is  required  and  the  sampler 


sampling  operations,  xt  vm  oe  zrje  generally 
strength  has  been  reached  the-  strength  vill  do¬ 
th  further  strain.  Cn  the  other  hand,  for  *_*n  in 
KXinon  strength  is  neintnined  practically  reger 
t  of  the  soil.  In  the  design  of  levee  foundetia 
!M  accepted  that  the  soil  vill  be  cverstressed 


has  been  stressed  to 


reasth  et  other 


tut  that  vith  continued  yielding  c  condition  is  reached  vherein  the  nax 
'in  strength  01  the  soil  is  attained  at  all  points.  It  is  obvious  that 
if  the  soil  is  insensitive  to  refolding  the  strength  reached  et  failure 
will  be  the  sane  at  all  points  and  vill  equal  the  naxinun  strength  of 
the  soil,  and  for  this  condition  the  strength  indicated  by  laboratory 
tests  can  be  relied  upon  and  a  moderate  factor  of  safety  embayed-  Sov 
«ver,  if  a  soil  is  sensitive  to  strain,  at  the  tine  of  failure  in  the 
field  some  parts  of  the  soil  vould  have  beer,  strained  considerably  sore 
than  other  parts,  with  the  result  that  the  mxintist  strength  vill  be 
nob  ill  sod  at  seen-  points;  but,  due  to  greeter  strains  at  other  points. 


the  strength  vill  be  less.  Under  these  circumstances,  reliance  upon 


full  strength  of  the  soil  et  ell  points,  as  indicated  by  laboratory 
tests,  vould  not  be  conservative  and  should  be  recognised  in  choosing 


or  of  safet;. 


mm  VI:  CQSCUJSIOMS 


41.  Analyses  of  the  test  results  presented  in  this  report  indicate 
the  following  conclusions.  It  is  emphasized  that  the  conclusions  eppiy 
oily  to  the  type  of  soil  encountered  is  this  invest iget ion. 

s.  Disturbance  due  to  sespler  or  settling  operations  tended 
to  be  obscured  by  (1)  nature!  veriatioeis  in  the  soil,  end 
(2)  by  the  low  degree  of  sensitivity  of  the  soil. 

b.  Based  os  the  results  of  consolidation  tests  there  was 
soee  indication  that  higher  percentages  of  inside  clear¬ 
ance  on  the  cutting  shoes  caused  less  sample  disturbance. 

c.  Besuits  though  inconclusive  tend  to  indicate  that  the 
pistoa-type  sampler  is  superior  to  the  vacuun  type. 

d-  Ote  sensitivity  of  a  clay  to  refolding  should  be  consid¬ 
ered  in  sampling  operations.  If  a  clay  is  not  sensitive 
only  noderate  care  need  be  exercised  end  the  sampler  used 
would  be  the  am  that  Is  most  economical,  whereas  if  a 
clay  is  sensitive  then  the  greatest  care  and  the  best 
available  sampling  equipment  should  be  used.  Similarly, 
e  knowledge  of  clay  sensitivity  will  permit  more  intelli¬ 
gent  design  assumptions  as  certain  types  of  projects. 
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Hot##:  (1)  "A"  and  "8“  denote  top  quarter  and  aecond  quarter  Crcm  top  of  Maple,  ranpectlvely. 

(K)  Valuei.  nhown  are  average  of  three  undisturbed  or  tvo  refolded  apedUeetui. 

*  Qatttlng  value  of  0.21  trn  per  «q  ft. 


